Introduction

!
Honeybush tea, a caffeine-free South African herbal beverage, is produced from Cyclopia species (Fabaceae) [1] . Due to its natural sweetness, honey-like aroma, and the absence of caffeine, the tea prepared from the fermented herbs of different Cyclopia species is becoming increasingly popular worldwide [2, 3] . Four species of the genus, namely Cyclopia intermedia E. Mey., Cyclopia genistoides (L.) Vent., Cyclopia subternata Vogel, and Cyclopia sessiliflora Eckl. & Zeyh., are marketed and consumed worldwide as honeybush tea [1, 4] . The export of honeybush from South Africa is growing rapidly, and has quadrupled between 1999 and 2010 [3] . The 23 species of the genus Cyclopia are distributed in a limited area in South Africa. Cyclopia bushes, depending on the species, are 1.5-3 m tall. Their herbs are traditionally used as a restorative or expectorant, but anecdotal evidence also exists about their consumption in order to stimulate milk production in breast-feeding women and to alleviate menopausal symptoms [1, 5] .
The polyphenolic composition of C. intermedia (fermented) and C. subternata (non-fermented) is well studied, and some polyphenols were also identified in C. genistoides and C. sessiliflora [6] [7] [8] . Recently, the phenolic profile of the hot water extracts of C. genistoides using HPLC-DAD and electrospray ionization mass spectrometry (ESI-MS, MS/MS) has also been elucidated [9] . Cyclopia species are valuable sources of bioactive compounds, as they contain a wide range of phenolic constituents, such as xanthones, benzophenones, flavanones, flavonols, isoflavones. Although fermentation decreases the xanthone and flavonoid content of Cyclopia, it was shown that the total phenolic content of C. genistoides was the least affected by fermentation when compared to the other three commercially important Cyclopia species [8] . C. genistoides (methanolic extract) demonstrated the strongest estrogen receptor binding with the highest consistency [5] . The high polyphenolic content is likely to be responsible for the studied estrogen-like, antimutagenic, chemopreventive, pancreatic β-cell protective, and antioxidant activities [2, 8, [10] [11] [12] ]. Yet,
Abstract
!
The present paper reports the chemical analysis of the methanolic extracts of fermented and nonfermented Cyclopia genistoides herbs and an investigation of the xanthine oxidase inhibitory activity of the isolated constituents. Chemical analysis of the leaves and stems of C. genistoides yielded the isolation and identification of two benzophenone glucosides, iriflophenone 2-O-β-glucopyranoside (1) and iriflophenone 3-C-β-glucopyranoside (2), two pterocarpans, (6aR,11aR)-(−)-2-methoxymaackiain (5) and (6aR,11aR)-(−)-maackiain (6), along with the flavanones liquiritigenin (9) and hesperetin (10), the flavone diosmetin (11), the isoflavones afrormosin (7) and formononetin (8) , piceol (3), and 4-hydroxybenzaldehid (4) . Among the eleven compounds, nine are reported for the first time from this species, and six from the genus Cyclopia. These compounds, together with previously isolated secondary metabolites of this species, were tested for xanthine oxidase inhibitory activity. The 5,7-dihydroxyflavones luteolin and diosmetin significantly inhibited the enzyme in vitro, while hesperetin (10) and 5,7,3′,5′-tetrahydroxyflavone exerted weak activity.
there are no data on the xanthine oxidase (XO) inhibitory activity of Cyclopia species. Gout is the most prevalent form of inflammatory arthropathies, with the precondition of elevated serum urate levels, thus, urate-lowering XO inhibitors are the cornerstone of successful long-term gout management [13] . The first-line therapy of gout is based on the application of allopurinol, which needs to be gradually increased to achieve the therapeutic target. One of its adverse reactions is the rare but potentially lethal allopurinol hypersensitivity syndrome. Febuxostat is more expensive, which may, in part, limit its use. It is rarely associated with hypersensitivity vasculitis. Hence, new XO inhibitors are needed in gout therapy, but since hyperuricemia may also be an independent risk factor in cardiovascular and renal disease, inhibitors of this enzyme are the focus of scientific studies [14] . The aim of our study was to evaluate the chemical composition of the less hydrophilic, not yet studied fraction of the methanolic extract of C. genistoides. In our previous study, bioactivity-guided fractionation (estrogen-like activity) led to the isolation of genistein, naringenin, isoliquiritigenin, luteolin, helichrysin B, and 5,7,3′,5′-tetrahydroxyflavanone [under publication]. Here, we also report the assessment of the XO inhibitory activities of the compounds isolated by us from this plant.
Results and Discussion
!
Multistep chromatographic separation and purification procedures, including CC, preparative TLC, MPLC, VLC, RPC and HPLC, resulted in the isolation of pure compounds 1-11 (l " Fig. 1 ). Compounds 1 and 2 were identified as benzophenone derivatives based on their spectral characteristics. Compound 1 was identified as iriflophenone 2-O-β-glucopyranoside by comparing its spectral data with those reported in the literature [15] . Compound 2 was proved to be identical with iriflophenone 3-C-β-glucopyranoside, isolated earlier from C. genistoides [9] and C. subternata [16] . Compounds 5 and 6 were found to have a pterocarpan nucleus, substituted with methylenedioxy, hydroxyl, and methoxy groups. After detailed MS and NMR studies, 6 could be identified as (6aR,11aR)-(−)-maackiain [17] and 5 as (6aR,11aR)-(−)-2-methoxymaackiain [18, 19] . Two-dimensional NMR investigations, including 1 H-1 H COSY, NOESY, HSQC, and HMBC experiments, permitted unpublished 1 H and 13 C assignments for both compounds. This is the first isolation of maackiain (6) and 2-methoxymaackiain (5) from the Cyclopia genus. Previously, these compounds were published only from Ulex and other Fabaceae species [20] [21] [22] . (7), formononetin (8), liquiritigenin (9), and diosmetin (11)] were first isolated from the species and six [iriflophenone 2-O-β-glucopyranoside (1), piceol (3), 4-hydroxybenzaldehid (4), (−)-2-methoxymaackiain (5), (−)-maackiain (6) , and liquiritigenin (9) ] from the genus Cyclopia. Both dichloromethane layers derived from the methanolic extract of the fermented and non-fermented plant material exerted XO inhibitor activity, and thus were subjected to further chromatography. The CH 2 Cl 2 layer of the fermented and non-fermented plant material was separated into 14 and 12 fractions, respectively, by a polyamide column with mixtures of MeOH and H 2 O as the eluents. Fractions PP8 from the non-fermented and P10 from the fermented herbal substance were amongst the fractions that exhibited the strongest inhibition of xanthine oxidase. Further purification of these fractions led to the isolation of luteolin (10) and diosmetin (11) , exerting a remarkable XO inhibitory effect with IC 50 values of 0.84 µM (95% confidence interval 0.80 to 0.91 µM) and 0.53 µM (95% confidence interval 0.40 to 0.80 µM), respectively. The inhibitory activity of both compounds significantly exceeded that of allopurinol, which was used as a positive control. The IC 50 of allopurinol (the concentration that inhibits 50 % of enzyme activity) was 11.50 µM (95% confidence interval 11.40-11.60 µM). Alongside with the bioactivity-guided isolation, all other isolated compounds were tested. From the other 15 isolated constituents, only 2 structurally close flavanones, hesperetin (10) and 5,7,3′,5′-tetrahydroxyflavone (9), exhibited a weak inhibition [IC 50 = 55.20 µM (95% confidence interval 41.40 to 73.51 µM) and 120.55 µM (95 % confidence interval 101.71 to 142.86 µM), respectively]. The rest of the isolated compounds showed no XO inhibition (IC 50 > 150 µM; l " Table 1 ).
Materials and Methods
!
General experimental procedures
Vacuum liquid chromatography (VLC) was carried out on silica gel 60 GF 254 (15 µm, Merck); column chromatography (CC) on polyamide (ICN), silica gel (160-200 mesh, Qingdao Marine C-NMR (125 MHz), and 2D NMR were recorded in CD 3 OD, CDCl 3 , or DMSO using a Bruker Avance DRX 500 spectrometer or a JEOL ECS 400 MHz FT-NMR spectrometer, and chemical shifts are given in δ (ppm) relative to tetramethylsilane (TMS) as the internal standard. The signals of the deuterated solvents were taken as a reference. Two-dimensional experiments were performed with standard Bruker software. In the COSY, HSQC, and HMBC experiments, gradient-enhanced versions were used. MS spectra were recorded on an API 2000 Triple Quad mass spectrometer with an APCI or ESI ion source using both positive and negative modes.
Plant material
The herbs of the fermented (F) and non-fermented (nF) C. genistoides were a gift from Val Zyl and Mona Joubert, owners of Agulhas Honeybush Tea, from their farm near Bredasdorp in South Africa. Botanical identification was performed by Dr. Hannes de Lange. Fermentation was carried out according to the traditional method for this material [23] . Voucher specimens (no. 825-F and 826-nF) for both the fermented and the non-fermented plants have been deposited at the herbarium of the Department of Pharmacognosy, University of Szeged, Szeged, Hungary.
Extraction and isolation
The dried fermented and non-fermented plant materials (1.7 and 1.3 kg, respectively) were extracted via ultrasonication with methanol (12 L and 10 L) at room temperature for 30 min. The solvent was evaporated under reduced pressure to yield 228.2 g and 237.6 g of crude MeOH extracts, respectively. These extracts were subjected to solvent-solvent partition, affording n-hexane (F = 15.7 g, nF = 13.2 g), dichloromethane (F = 14.8 g, nF = 6.4 g), ethyl acetate (F = 29.7 g, nF = 23.35 g), and the remnant aqueous layers (F = 128.7 g, nF = 121.4 g) and insoluble parts. For the schematic detailing of the fractionation process, see Fig. S1 , Supporting Information. The TLC profiles and 1 H NMR spectra of the EtOAc layers from the non-fermented and fermented C. genistoides were similar, thus only the EtOAc layer from the non-fermented plant material was further examined. It was separated into twelve fractions by VLC eluting with EtOAc -MeOH (1 : 0 to 0 : 1). Fraction V7 was separated by MPLC with EtOAc-MeOH-H 2 O (20 : 1 : 1 to 0 : 1 : 0) to yield 21 subfractions, M1 to M21. Among these subfractions, M5 and M6 were subjected to further chromatography. Fractions M6 (777.5 mg) and M5 (65.5 mg) were separated into twelve (M6/1-12) and six subfractions (M5/1-6) by MPLC using silica gel and MeOH-H 2 O (2 : 8 to 1 : 0) as the eluent. Subfraction M5/2 (11.2 mg) and subfraction M6/11 (21.5 mg) were purified by reverse-phase preparative TLC eluting with MeOH-H 2 O (4 : 6) to provide compounds 1 (1.8 mg) and 2 (4 mg), respectively. The concentrated CH 2 Cl 2 phases (F = 14.8 g, nF = 6.4 g) were chromatographed on a polyamide column eluting with MeOH-H 2 O (2 : 3 to 1 : 0). The fractions were combined into 14 (F: P1-P14) and 12 fractions (nF: PP1-PP12) according to the TLC monitoring. Fraction P3 (570 mg) was chromatographed by RPC on silica gel and was eluted with cyclohexane-acetone (1 : 0 to 0 : 1) to give 15 subfractions. Subfraction N4 (38.5 mg) was further purified by normal-phase HPLC (method 2) to yield compounds 3 (2.3 mg) and 4 (2.8 mg). Fraction P7 (300 mg) was also subjected to silica gel RPC, eluted with cyclohexane-acetone (1 : 0 to 0 : 1) to yield 17 subfractions (O1-O17), from which O6 was further separated by normalphase HPLC (method 2) to provide compounds 5 (1.7 mg) and 6 (1.8 mg), whereas the recrystallization of O9 with CHCl 3 -MeOH provided compound 7 (7.6 mg). Fraction P8 (750 mg) was subjected to silica gel CC, eluted with nhexane-acetone (5 : 1 to 0 : 1) to yield 22 subfractions (Q1-Q22). The combined subfractions Q8 + 9 and Q14 were chromatographed by reverse-phase HPLC (method 1) to provide compounds 8 (1.45 mg) and compound 9 (1.7 mg), respectively. Recrystallization of subfraction 13 with CHCl 3 -MeOH provided compound 10 (16.2 mg). Fraction P10 (475.5 mg) was subjected to silica gel CC, eluted with n-hexane-acetone (3 : 1 to 0 : 1) to yield 13 (CE1-CE13) subfractions. CE10 was purified by RP-HPLC (method 1) to provide compound 11 (1.6 mg).
Xanthine oxidase assay
Inhibition of XO activity was measured using the protocol recommended by Sigma-Aldrich, readapted to an assay volume of 300 µL, and published in detail before [24, 25] . Briefly, the en- Table 1 IC 50 values of the active compounds. CI: confidence intervals (95 %). Fifty percent inhibitory concentrations (IC 50 ) were calculated using nonlinear regression curve fitting of log(inhibitor) vs. normalized response of GraphPad Prism 5.04 software (GraphPad Software. Inc.). Six to ten sample points were used in each graph. All XO activity measurements were made in triplicate. Original Papers zyme activity at pH 7.5 was determined by the production of uric acid from xanthine. Uric acid was measured at 290 nm for 3 min in a 96-well plate using the plate reader FluoSTAR OPTIMA (BMG LABTECH). XO, isolated from bovine milk (lyophilized powder), and xanthine powder were purchased from Sigma-Aldrich. Allopurinol (Sigma-Aldrich, ≥ 99 %), a well-known inhibitor of XO, was used as a positive control. Each compound or fraction was dissolved in DMSO. The final concentration of DMSO in the assay did not exceed 3.3 % of the total volume. After the addition of all other reagents, the reaction was initiated by the automatic addition of XO solution. All XO activity measurements were made in triplicate.
Statistical analysis
Fifty percent inhibitory concentrations (IC 50 ) were calculated using nonlinear regression curve fitting of log(inhibitor) vs. normalized response in GraphPad Prism 5.04 software (GraphPad Software, Inc.).
Spectral data
Iriflophenone 2-O-β-glucopyranoside (1) C-NMR data are identical with published data [15] . C-NMR data in CDCl 3 were in good agreement with literature data [18, 19] . NMR data in DMSO-d 6 C-3) . NMR data for this solvent were not published previously. The further compounds, identified by comparing their physical and spectroscopic data with reported data, were afrormozin (7) [28] , formononetin (8) [29] , liquiritigenin (9) [26, 27] , and diosmetin (11) [27] . Compound 3 was identified as piceol (= 4-hydroxyacetophenone) and compound 4 as 4-hydroxybenzaldehide based on their 1 H, 13 C-NMR, and MS data.
Supporting information
A figure describing the isolation of compounds is available as Supporting Information.
